Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 2002-129201 
(43)Date of publication of application : 09.05.2002 



(51)lnt.CI. 



B22F 3/035 
B22F 3/02 
B30B 11/00 
B30B 11/02 
C22C 38/00 
C22C 38/52 
C23C 14/06 
C23C 16/30 



(21 Application number : 2000-322890 (71 Applicant : HITACHI POWDERED METALS 

CO LTD 

(22)Date of filing : 23.10.2000 (72)lnventor : SUGAYA YOSHIMI 

IWAKIRI MAKOTO 



(54) POWDER COMPACTING DIE AND POWDER COMPACTING METHOD USING THE 
DIE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To draw out a compact having high density under lower 
pressure by improving the wear resistance of a powder compacting die and reducing the 
friction of the surface of the die and to efficiently compact a high density sintered product. 
SOLUTION: In the powder compacting die in which the die having inner holes for forming the 
outside shape of the compact and consisting of a hard material is inserted into the inner holes 
of a die holder, the inner holes of the die have the taper of 1/5,000 to 1/1 ,000 expanding 
toward the compact drawing side, a single coating layer or a plurality of coating layers of at 
least one or more kinds selected from TiC, TiN, AI203, TiCN, HfN, CrN, W2C and DLC are 
formed on the surface of the die, and the material of the die holder is composed of ordinarily 
used steel whose tempering temperature is higher than the coating treating temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the dice for powder molding to which the inner hole of a die holder was made to carry out 
fitting of the dice which has an inner hole for forming the outside configuration of a Plastic solid, and 
consists of hard material It has the taper of 1 which the inner hole of said dice expands to a green 
compact draw side / 5000 - 1/1000. and the front face of said dice - TiC, TiN, aluminum 203, TiCN, 
HfN and CrN, and W2C ~ and — While forming the coating layer of at least one or more sorts of 
monolayers, or a double layer among DLC The quality of the material of said die holder is a dice for 
powder molding characterized by constituting from steel materials whose tempering temperature usually 
used is temperature higher than said coating processing temperature. 

[Claim 2] Said coating layer is a dice for powder molding 550 degrees C or less according to claim 1 by 
which PVD processing or plasma-CVD processing is carried out. 

[Claim 3] The presentation of said die holder with a mass ratio C:0.2 - 0.6%, Si:0.15-1.2%, Mn: Less 
than [ 1.2% ], P:0.03% or less, S:0.03% or less, Cr:0.4-5.5%, And the dice for powder molding 
according to claim 1 or 2 which consists of at least one or more sorts, the remainder Fe, and an 
unescapable impurity while of nickel:0.25-3.5%, Mo:0.2-3.0%, W:1.0 - 10%, V:2.2% or less, and 
Co:3.8-4.5%. 

[Claim 4] The raw material powder with which it was filled up in the cavity formed by the dice for 
powder molding which has an inner hole for carrying out the configuration of the outside configuration 
of a Plastic solid, and bottom punch is pressed between up-and-down punch. In the powder molding 
approach which extrudes the obtained green compact from said dice inner hole by bottom punch, while 
forming the lubrication coat of a die lubricant in the inner hole front face of said dice using the dice for 
powder molding given in any of claims 1-3 they are The powder molding approach in the powder 
metallurgy characterized by adding 0.3% or less of powder lubricant by the weight ratio to raw material 
powder. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention can be used suitable for shaping of the powder which is metal- 
mold-hard and is easy to be attached by elasticity, such as aluminum powder, etc., when acquiring 
especially the Plastic solid of high density about the dice of the powder molding die in powder 
metallurgy, and the powder-molding approach using that dice and fabricating powder with magnetic 
hard alloy powder etc. 
[0002] 

[Description of the Prior Art] The metal mold for powder molding consists of a dice with the inner hole 
corresponding to the appearance of a Plastic solid, and up-and-down punch, it is what was equipped 
with the core rod if needed, and is built into press equipment and constituted as powder-molding 
equipment. And after filling up with powder the die cavity formed by said inner hole and bottom punch, 
moving each part material of metal mold relatively and compressing powder by up-and-down punch, 
this green compact extrudes and is released from mold at a powder restoration side. Although the 
consistency of ****** is determined by compacting pressure, there is much what a high consistency is 
required as, and metal mold reinforcement also needs to be considered of the machine element which 
needs high intensity corresponding to a thing with high compacting pressure. Moreover, like shaping of 
the magnetic alloy powder made by the rapid solidification method, when fabricating hard powder in a 
high consistency, powder molding is still more difficult. Moreover, while repeating powder molding, the 
dice inner hole of the part by which powder compression is carried out is worn little by little out, a dice 
inner hole will be in the so-called inside swelling condition, draw resistance of a green compact 
increases, a blemish is attached to a green compact or a possibility of producing a crack is inherent. 
Furthermore, by shaping of the powder ingredient which is metal-mold-hard and is easy to be attached, 
difficulty is followed on manufacturing dispersion for the thing of high density few by the beautiful 
appearance like aluminum powder. 

[0003] In addition, these people have indicated the shaping approach which indicates the shaping 
approach using the powder-molding dice and this dice which extract the green compact of a high 
consistency by the lower pressure, and fabricate it with a sufficient sex in JP,5-320705,A based on such 
a conventional situation, and fabricates a high density sintered product efficiently in JP,1 1-140505,A. 
The former powder-molding dice makes it a main point to have the taper of 1 expanded to a Plastic solid 
draw side / 5000 - 1/1000, and it makes most compression processes or for the culmination of at least 
compression to press positively with punch of a side with a large dice inner hole into a main point using 
the vertical punch by which the shaping approach using said dice fits in with the inner hole of this dice. 
The latter powder-molding approach makes it the main point to use together the force-plunger 
lubricating method which forms the coat of lubricant in a dies body inside, and the mixing lubricating 
method which controlled the addition of powder lubricant to 0.05 - 0.3% preferably 0.3% or less. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, at the time of the above-mentioned powder 
molding, although a green compact is compressed by punch welding pressure, in a dice wall surface, 
friction between a dice wall surface and a green compact produces it, and the force which compresses 
the green compact by punch welding pressure is reduced. Moreover, since it is proportional to friction 
between a dice wall surface and a green compact, if friction of a green compact can be made low, the 
draw in the lower draw force of the force required in order to extract the green compact after pressing 
from a dice becomes possible, and it can obtain a higher-density green compact with the sufficient yield, 
and will become things. And it is known as a means to attain low friction-ization on the front face of a 
dice from the former that the surface treatment of a dice is effective. Moreover, as dice structure for 
powder molding, for dice reinforcement, the ring (die holder) of structural steel worker alloy steel is 
burned, put, carried out, burned and put on a dice periphery, and, generally the dice is used widely. 
However, since it is processed at an elevated temperature, processing of CVD widely applied as surface 
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treatment of a current dice was burned and inserted in, with dice structure, it was burned and inserted in 
and the problem that the force declines has produced it. On the other hand, when said ring is burned, put 
and carried out after performing the above-mentioned surface treatment to a dice, it burns and inserts in, 
and the dimensional change of a dice inner hole arises by the thermal effect at the time, and the problem 
that dimensional accuracy gets worse arises. 

[0005] This invention cancels the above technical problem, attains wear-resistant improvement in a 
powder-molding dice, and low friction-ization on the front face of a dice, extracts the green compact of 
high density by the still lower pressure rather than the technique of the indication by above-mentioned 
JP,5-320705,A and JP,1 1-140505,A, and aims at it being efficient and enabling shaping of a high 
density sintered product. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose the dice for powder 
molding of this invention In the dice for powder molding to which the inner hole of a die holder was 
made to carry out fitting of the dice which has an inner hole for forming the outside configuration of a 
Plastic solid, and consists of hard material It has the taper of 1 which the inner hole of said dice expands 
to a green compact draw side / 5000 - 1/1000. and the front face of said dice - TiC, TiN, aluminum 
203, TiCN, HfN and CrN, and W2C - and - Among DLC (Diamondlike Carbon) While forming the 
coating layer of at least one or more sorts of monolayers, or a double layer, the quality of the material of 
said die holder is characterized by constituting from steel materials whose tempering temperature 
usually used is temperature higher than said coating processing temperature. It has more preferably the 
taper of 1 which the inner hole of said dice expands to a powder object draw side / 5000 - 1/1000. And 
the front face of said dice is TiC, TiN, and aluminum 203. Inside of TiCN, HfN and CrN, W2C, and 
DLC, While forming the coating layer of at least one or more sorts of monolayers, or a double layer by 
PVD processing or plasma-CVD processing The quality of the material of said die holder is constituting 
from steel materials whose tempering temperature usually used is temperature higher than said PVD 
processing or plasma-CVD processing temperature. 

[0007] Here, in powder molding, if the taper expanded to a green compact draw side is formed in a dice 
inner hole, since the cross sectional area of a green compact decreases only in the amount of a rate of 
taper, without being so much different from the case where the frictional resistance of powder and a dice 
internal surface is usual, in addition to compression of the punch pressurization direction, compared 
with the case of a dice without a taper, a high consistency will be obtained by it and compressed also 
from a right angle. Moreover, if the draw load in the case of releasing the green compact in a die cavity 
from mold is the frictional resistance of a green compact and a dice internal surface and a taper is in a 
dice inner hole, since sequential disconnection of the green compact will be carried out with migration 
of a green compact, mold release resistance becomes small. The effectiveness of this taper is ineffective 
from a test result at less than 1/5000. On the contrary, since a taper would arise in a green compact and 
dimensional accuracy would get worse if a taper is enlarged, the upper limit was determined as 1/1000. 
The presentation of a die holder with a mass ratio Moreover, C:0.2 - 0.6%, Si:0.15-1.2%, Mn: Less than 
[ 1.2% ], P:0.03% or less, S:0.03% or less, Cr:0.4-5.5%, And by considering as the steel materials of at 
least one or more sorts, Remainder Fe, and an unescapable impurity, while of nickel:0.25-3.5%, Mo:0.2- 
3.0%, W:1.0 - 10%, V:2.2% or less, and Co:3. 8-4.5% Usually, the tempering temperature used becomes 
possible [ considering as 550 degrees C or more ]. 

[0008] It is desirable PVD (physical vapor deposition) processing of 550 degrees C or less and that 
plasma-CVD (chemical vapor deposition) processing of the coating layer is carried out. That is, it is that 
the tempering temperature usually used uses as steel materials 550 degrees C or more the die holder 
which burns on a dice periphery for reinforcement, inserts in it, and is made into it since processing 
temperature is as low as 500-550 degrees C, and even if it burns, and inserts in and performs plasma- 
CVD surface preparation to a dice, softening of equipments cannot arise, but can burn and insert in, the 
fall of the force can prevent, a coating layer can form and PVD and plasma CVD can plan the wear- 
resistant improvement in a dice, and low friction-ization on the front face of a dice. Moreover, it also 
becomes possible to reduce the affinity between a dice and a green compact and to prevent adhesion, in 
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addition, a coating layer - TiC, TiN, and aluminum 203 TiCN, and HfN, CrN and W2 - **** is also 
good at three layers, such as two priests, such as monolayers, such as C and DLC, TiC-TiN, and TiC- 
TiCN, and TiC-TiCN-TiN, and these other multilayer any, and it is chosen according to the quality of 
the material and the process condition of a dice. 

[0009] As a presentation of the above-mentioned die holder, it is a mass ratio. C:0.2 - 0.6%, Si: 0.15- 
1.2%, less than [ Mn:1.2% ], P:0.03% or less, S:0.03% or less, Cr:0.4-5.5%, and nickel:0.25-3.5%, Mo: 
The steel materials which consist of at least one or more sorts, the remainder Fe, and an unescapable 
impurity while of 0.2-3.0%, W:1.0 - 10%, V:2.2% or less, and Co:3.8-4.5% have high reinforcement, 
and since required tempering temperature becomes 530 degrees C or more, it is suitable. As steel 
materials of this presentation within the limits, SKD4, SKD5, SKD6, SKD61, SKD62, SKD7, SKD8, 
SKT3, and SKT4 which are set to JIS as tool steel for the metal mold between heat are contained, 
reinforcement is highland since the tempering temperature usually used is also 530 degrees C or more, 
it is suitable. Moreover, in structural steel, it is high, and since reinforcement is also high, tempering 
temperature can also apply SNCM431, SNCM625, SNCM630, SNCM240 and SNCM439 of JIS, and 
SNCM447 grade as a die holder. 

[0010] Moreover, the above-mentioned powder-molding dice is used as the powder-molding approach 
of this invention. In the powder-molding approach which presses the raw material powder with which it 
was filled up in this dice inner hole and the cavity formed by bottom punch between up-and-down 
punch, and extrudes the obtained green compact from said dice inner hole by bottom punch While 
forming the lubrication coat of a die lubricant in the inner hole front face of said dice, it is characterized 
by adding 0.3% or less of powder lubricant by the weight ratio to raw material powder. If 0.05 - 0.2% of 
powder lubricant is preferably added 0.3% or less to raw material powder, while raising the fluidity of 
raw material powder remarkably to the green density of a Plastic solid by the above powder-molding 
approach, without hardly influencing Friction of the powder inside a green compact is reduced, friction 
of a dice wall surface and a green compact can be reduced by using a force piston lubricating method 
together, an operation of the dice for powder molding of above-mentioned this invention is also added, 
and shaping of the green compact of much more high density and the draw of the green compact in 
much more low pressure become possible. 
[0011] 

[Example] (Example 1) This example is an example when burning and inserting in and investigating the 
effect of the force which burns and inserts in and which is depended on the quality of the material of a 
dice and a die holder, and the existence of plasma-CVD processing in a dice. The test method produced 
each combination ********( drawing 1 which burned, inserted in and carried out the die holder burns 
to a die, and it inserts in it, and is a dice, i.e., the test piece of numbers 1-9), using the JIS equivalent 
quality of the material (a dice being two kinds, SKH5 1 and SKD-4, and a die holder being six kinds of 
SNCM447, SKD61, SKH51, SKD1, and SNCM447) of this table as the dice which constitutes a 
powder-molding mold, and a die holder, as shown in the following table 1. Moreover, plasma-CVD 
processing (temperature is processing at 530 degrees C) was carried out to the test piece of numbers 2, 3, 
5, 6, 7, 8, and 9 as after treatment among these test pieces. The test piece of numbers 1 and 4 does not 
carry out plasma-CVD processing. And about each test pieces 1-9, die dice omission force (kN) was 
measured in the way of drawing 2 , and it indicated by the list at this table. In addition, drawing 1 burns 
and it inserts in, and die length is 5mm, and a dice 1 (the bore of 4mm, outer diameter of 10mm) and 
DANHORUDA 2 (the bore of 10mm, outer diameter of 26mm) burn a dice, it inserts in, and ** is set as 
0.03(0.3%). 
[0012] 
[Table 1] 
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[0013] Although softening of the quality of the material produced the test piece number 5 with the 
tempering temperature of the die holder quality of the material lower (about 180 degrees C) than Table 1 
by plasma-CVD processing and the fall of a pilferage pile was accepted, in the test piece of the test piece 
numbers 2, 3, 6-9 with the high (about 580 degrees C) tempering temperature of the die holder quality of 
the material, it became clear that the fall of a pilferage pile did not arise even if a pilferage pile is high 
and it carries out plasma-CVD processing. 

[0014] (Example 2) Predetermined burns this example 2, it is inserted in and is an example when 
investigating the draw load and dimension dispersion by conditions of a taper, coating, a die lubricant, 
powder lubricant, etc. about a dice. In a trial, a JIS SKH equivalent material and the dice holder quality 
of the material by JIS SKD61 material [ the dice quality of the material ] The thing which has an inner 
hole with a diameter of 25mm and which does not attach to a dice inner hole a taper (taper expanded to 
the draw side of a green compact) as it burns and inserts in, and a dice is prepared and it is shown in the 
following table 2 (3 sample-number 1- 19), What formed the taper in 1/10000, 1/5000, 1/2500, 1/1000, 
and 1/500 (sample numbers 4-18), and the thing which formed the TiN-TiCN multilayer coating tip by 
plasma CVD further were created. Moreover, as raw material powder, copper powder 1.5 mass %, 
graphite powder 1.0 mass %, and the remainder prepared the mixed powder of pure iron powder, and 0.1 
mass %, 0.3 mass %, and the powder of which 0.8 mass % combination was done were prepared for this 
mixed powder for zinc stearate powder as powder lubricant. What more than burned, inserted in and 
performed force-plunger lubrication to the dice inner hole using a dice and combination powder, and the 
thing which is not given in the combination shown in Table 2 The test piece configuration which is a 
powder-compacting Plastic solid is shaping consistency 6.8 g/cm3 at phi25xphil0xl5L. Compacting 
pressure at the time of fabricating (MPa), It measured about the draw load (a table a pilferage pile, kN) 
when extracting a green compact, and the created consistency and dimension dispersion (the table 
dimension variation, **sigma) of a test piece. While the result is collectively shown in Table 2, what 
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extracted to drawing 3 what summarized the relation between the amount of tapers and compacting 
pressure with the amount of tapers, and summarized the relation of a load is shown in drawing 4 . 
0015] 
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[0016] The dice (sample numbers 1, 4, 7, 10, 14, and 17) which performed coating is the same cone 
angle as compared with the dice (sample numbers 2, 5, 8, 1 1, and 15) which does not perform coating, 
and Table 2 and drawing 3 , and 4 show that can fabricate with lower compacting pressure, and a draw 
load is also small and ends, although dimension dispersion is the same. Moreover, when the addition of 
powder lubricant is controlled to 0.3 mass % and force piston lubrication is used together (sample 
numbers 3, 6, 9, 12, 16, 18, and 19), it also turns out that such effectiveness is much more remarkable. 
[0017] Moreover, the dice which has the conventional taper and does not perform coating (sample 
numbers 5, 8, 1 1, and 15), [ the dice (sample numbers 4, 7, 10, 14, and 17) which has a taper concerning 
this invention and performed coating, and when it controls the addition of powder lubricant further and 
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force piston lubrication is used together ] Although it is equal to the dice in which, as for 1/10000 of 
dices, a cone angle does not have a taper also on condition that any, the effectiveness that compacting 
pressure and a draw load according [ a cone angle ] to a taper become small from 1/5000 is accepted, 
and much more effectiveness is accepted with the increment in a cone angle. On the other hand, more 
than by it, although dimension dispersion of a cone angle is [ 1/2500 ] equal also on condition that any, 
it turns out that dimension dispersion becomes large as a taper becomes large. By the above, the range of 
a cone angle was 1 / 5000 - 1/1000, and it became clear that the effectiveness of the improvement in a 
consistency and draw load (pressure) reduction was acquired, preventing aggravation of dimensional 
accuracy. Furthermore, it became clear that compacting pressure and a draw load (pressure) ended [ the 
direction which limited to addition of 0.3 mass % or 0.1 mass % from addition of 0.8 mass % about the 
addition of powder lubricant, and used force-plunger lubrication together from the sample numbers 1 1- 
13ofTable2]few. 
[0018] 

[Effect of the Invention] As explained above, since the powder-molding approach using the dice for 
powder molding and it concerning this invention forms a taper in an inner hole and covers the coating 
layer for friction and pseudo-****** further, there is little frictional resistance at the time of powder 
compression and a green compact draw, and it can fabricate a Plastic solid with a high consistency well. 
Especially, in a dice and shaping of the ingredient which is [ pseudo-] easy to **, it is effective. 



[Translation done.] 
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C : 0. 2-0. 6%. Si : 0. 1 5-1. 2%, M 
n : 1 . 2%WT\ P : 0 . 0 3%K1T. S : 0 . 0 3 
%OT> Cr : 0. 4-5. 5%. fcitf N i : 0. 2 20 
5-3. 5%. Mo : 0. 2-3. 0%, W: 1. 0- 
1 0%. V : 2. 2%JMT. Co : 3. 8-4. 5%cD 

3 *>^< 1 1 1 «a±, ssiFe tj j: t^rapf»* 

J: 0 * Sit *a 1 £ fctt 2 ti2ttO«*«»fflr>f x . 

r -f a itzmm®** irwy i-mzm&w 

if*3ai-3cOMix*Hcie3l6^*)^ffl^xS:ffl 30 
*W4 1 1 *> C. «fl©*fcMifc?0 . 3 XJSITWB 

[000 1] 

hwmMft&mjnyix. &£xszcoy<< xzm^tz 
®*fcmmzm$hi><r>x-h*) . ttcsttKaj&Bfr 

«tt3^*t?(tt£Sfr»*£j£JBtS* 40 

[0002] 

[ft#<o&ftr] mwmmzm 



&IPI2 002-1 2920 1 
2 

^mM^-zmx'bh. tiz. M^^mmizx^^ti 

tlBWim Kfc«slElS«*«ffl»C*6. 

xm.tw-i-r^muL. y4xmjfi^bvph*Bh 
caww wwxz± ii&vm. lx » h . mz . 

[ 0 0 0 3 ] ^mmAitzKDX o w&mm,* 

Sic, #ra j F5-3 2 0 70 5^$gtfcV^T, ffimg 
*<0ffl»**J: OffiVVEaTtt* Hi UMK 

fc* ftgB¥ 1 1-14 0 5 0 5#&$8(C:fc^T, S&X 

mm&*M&£<mm-hftBifm*m;Lx%tz. 

1/5000-1/1 OOO^r-^^Tf & Zk&ft 

^y^XmmzWE-tl z\ k iftTk-fl . ^*cog> 
iPSjtSt, ©*$iM«l4£0. 3XGIT, 

<«o. 05-0. 3%&mLt:m*Mmmk*m 

[0004] 

-f xmiftcfiv^Ttt^'f *mk mmtmemmiML 

*. v&mmoyj xm&k txu. -mz. 
xffi&ntzih, ?a mwtimste&m/n u v ^ 

ofeii-cv**. ti^>*«, m&yjxommumkix 
je< fir c v D»wwitt«a"c«Hi**i* 
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[0005] *#»*, &±(ofmmm ix®*m 
yj xmmm<vfo±.t5 xvn xmmommtz 

09. ±feilll¥5-3 20 70 5^*5 e ktmil ;s Fl 1 

- 1 4 o 5 o 5^'mxwa<?>tiffi£ o ts^s^E^ 

< JSJOTTItfcf* £ t $■ B« b LX OS . 
[0006] 

iar>f ^wil^e©*** £fs l®Nk±t& 1/50 

0 0-1/1 0 0 0<7)rw^^rL. *>oflriE*W*0) 
SlffitfTiC, TiN, AI2O3 , TiCN. Hf 
N, CrN. W 2 CtjJ:r/ DLC (Diamondlike Carbo 

n) coo*>. < 1 1 1 mxtcom i>l< awsn 
3— f ^ >rmzjmt& tti>iz. *>i>y<D 

fcLTV^i. i"3#4L<tt. BUfer >f X^rtfU^* 

ttft* as LHMfcw* 1 / 5 0 0 0- 1 / 1 0 0 on 

T-^£W U **oflEr4 Xtf)*lffi**T i C , T i 
N,A1 2 03 , TiCN, HfN, CrN, W 2 C|5 
«fctfDLC<7>3*>. ^*<fcilSfcLttf)#«<>L<« 
Uji<oa-T ■< y/IS P v Djaai, L < tir^Xvc 

[0007] zzx\ mmx'it. y* xmizm 
m.% as usM&xthT-'tzmi t ^ x 

**iKi-r*«*o»* ai uwwi. mwt y^xn 
mm t mwmx-h o . ?a xwucf-/^* & 

£*>M/5 0 0 0#pTii$&ll#&O. »c, -f-^ 

-$-&fc*>±R* 1/1 000 *fc. 
r<Offl«S:®*Jtfcr, C : 0. 2-0. 6%, S i : 
0. 1 5-1. 2%. Mn : 1. 2%JjlT\ P : 0. 0 
3%&T. S : 0. 0 3%ITF. Cr : 0. 4-5. 5 
%. tiXX/Ni : 0. 25-3. 5%, Mo : 0. 2- 
3. 0%, W: 1. 0-10%. V: 2. 2%OT. C 
o:3.8-4. 5%<7)o-h'J?%<ki>imJ±.mi& 
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F e StPP^Ii^F^O^tti: -tl. dfcfcJ: 0. fflStffl 
v 1 £ M Li&gtf 5 5 0 'CfcLb k + 1 Z b mm 

[0008] 3— f-r y/Jfte. 550'CiTFOPVD 
(physical vapor deposition) WSM^TyX^C VD 
(chemical vapor deposition) SQSSitfcitfyCJ)!) 
ZbfiWt L\\ PVD^T^XvCVDtt 

jgaaxtfs o 0-5 5 ot;i:ffltvxfc*>. yjxnmtz 
%m>yi xizryx-?c w&m'mzM lt t®» 

BOffi»«Mt*ms. yAXbMhtebnW) 

mm*&®Lxmm±-fz>zbi>-*i&b%2>. % 

i>. 3— y^JltiT i C, TiN, AI2O3 . T 
iCN, HfN, CrN, WaC, DLC^CO*^, T 
iC-TiN, TiC-TiCN^5Zfl. TiC-T 

i cn-t i n^cohs. tcomzti^zmcoMive 
h. 

[0009] ±iiw4 *)v?<r>mLb ix a. nmit 

X\ C : 0. 2-0. 6%. Si : 0. 15-1. 2 
%. Mn : 1 . 2%iTr\ P : 0. 0 3%UTf\ S : 
0. 0 3%WT. Cr : 0. 4-5. 5%. ti^N 
i : 0. 2 5—3. 5%. Mo : 0. 2-3. 0%. 
W: 1. 0-1 0%. V : 2. 2%&T. Co : 3. 8 

-4. 5%coot>'j?%<bi>im&±. ymFe&w 

30 MLSS* { 5 3 0°CKUii:^S^*^®LTVi|,. Ct7)Jfl 
fi«ffifflrt^»Wk IXH, M£\£mxmb IX J I 
S$teC£a6f>ilTv^SKD4, SKD5, SKD 
6, SKD 6 1 , SKD 6 2 , SKD7, SKD8, S 

KT3fcj;^sKT4*%*ix. %i&im<. mnm^ 

(oftSftSSSUaKi 5 3 0 o CUl±T'S)-S^3iLTV^ 
S. Hitffl^T'ti J I SIlg(7)SNCM4 3 1 , 
SNCM625, SNCM630, SNCM240, S 
NCM4 3 9, SNCM44 73pi8tSML&£;W§ 

40 

[ 0 0 1 0 ] 4fc, *»»0«5|5«»*i64: LTtt. ± 

nitz®*i$MyA xzrn^x . my^ xtfiibT'ty 

ktfc. ■tfl«*KMUtC. 0. 3%lUT<0^5t^?t 
a-C'Ji. Hfi«*fc0. 3%WT. »4L<ti0. 0 5 

50 -0. 2%m^mmzmat&b. imfrcog.m 
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immmmmiz t x-?4 xmtmwmw. 

[00 11] 

immm] mmwi > znmmt. mmy^x 
zyjxtsxvyjt^yt ixm 

<DJ I S«tSffliff» (^X(iSKH5 1 . SKD- 
4c92®S. :^f*;kmSNCM44 7. SKD 6 
1, SKH51. SKD1. SNCM4 4 7068S) x 
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nut) zmuz. mm.*<r>o%. m2, 

3. 5. 6. 7, 8, 9<Oi»Cii)tKlit&5!UIi: 
;C?CVD*!UI (i&g#5 3 0'CT'O*!yi) Ut. 
1. 4Wi£I^teT7XvCVD^L&^i«D-CJ> 

£L HlcO^K*^X(i:^$*55mniT** , 9, *W 
10 XI (rtg4mm, MIOmm) fc^y*^^2 (ft 
SI Omm, *HS2 6mm) <08&«»WW0. 03 

(0. 3%) CRgShTV^. 

[00 12] 

[Hi] 



#^ • 






PCVD 


kN 


1 


SKH51 


SNCM447 




7 2 


2 


SKH51 


SNCM447 




7 5 


3 


SKH51 


SKD61 


M 


8 4 


4 


SKH51 


SKD1 


it L 


7 8 


5 


SKH51 


SKD1 


*>9 


5 8 


6 


SKD-4 


SKH51 


&*) 


8 9 


7 


S KD-4 


SKD61 




12 6 


8 


SKD-4 


SNCM447 




10 7 


9 


SKD-4 


SNCM447 




9 2 



[ 0 0 1 3 ] £ 1 J *>l^»0*RUB*!W& 
^ (£jl80*C) KafrSWSJiT'^XvCVDJBlt 

y^/knm^iu^tfis^ (^5 8 or) is® 

2,3. 6 ~9*>KIWr«i*S *?®iiS< . 7" 
7X7C V DffiJI LT t ^MWfiT^ fc*H£ fc 

[0014] (HJSWI2 ) ^conMM2(i. mzom 



4o*#j i s«»sKH«sfl, yjxjuvmwfij i s 
jxftiiizT-'* (mtomztoLm^mxtiT- 

/t) £Wt&v>itf) (ISWH~3. 19)t,r- 
^£1/1 0000, 1/5000, 1/2500, 1 
/1000, l/5 0 0fc»*L3tfcO (I$f4#^4~ 
18) . 35£T i N — T i CN^f3-f -f X/2rT5 

tut. mi. 5M%. MSI. 0«S%fc<ti; 
50 5SS#*E&8tf>m£&£ESU £*Wte»*(c»*iH 
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mt ixztt y y®s&m o . 1 o . 3 

t\ E»J«»f^**lfflWT-#Ra t * 2 5X^10X1 
5 L T. 6 . 8g/cm' gjgg UcEglOJ&g 

(MPa) . mMk*ik*mtb**itk*amm. « 
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* («-ritik«m. kN> . fMLfctutf-offXfc-? 
fc. *oe»*a2cflwc*fi:fctc. r-^fit 

J&B^«>Hft£&fctf>£:t>«>£H3(c. T-^&btk 

[00153 
[i&2] 



#^ 






mm 


«fi% 


MPa 


kN 




±C \ 


1 




PCVD 




0. 


8 


4 8 0 


4 6 


. 2 


<P25±0.01 


2 


#L 






o . 


8 


4 9 0 


4 9 


. 5 


<t>25±0.01 


3 




PCVD 




0. 


a 


4 4 0 


3 3 


. 3 


<t>25±0.01 


4 


1/10000 


PCVD 




0. 


8 


4 8 0 


4 6 


. 2 


<t>25±0.01 


5 


1/10000 


£L 




0 . 


8 


4 9 0 


4 9 


. 5 


<D25±0.01 


6 


1/10000 


PCVD 




0 . 


3 


4 4 0 


3 3 


. 3 


<t>25±0.01 


7 


1/5000 


PCVD 


4L 


0 . 


8 


4 6 0 


3 9 


. 4 


<t>25±0.01 


8 


1/5000 


fcL 


*L 


0. 


8 


4 8 0 


4 3 


. 8 


<P25±0.01 


9 


1/5000 


PCVD 


&9 


0. 


3 


4 3 0 


2 1 


. 7 


<D25±0.01 


I 0 


1/2500 


PCVD 


*L 


0. 


8 


4 6 0 


3 8 


. 6 


<t>25±0.01 


1 1 


1/2500 


fcb 


*L 


0. 


8 


4 8 0 


4 2 


. 9 


<P26±0.01 


1 2 


1/2500 


PCVD 




0. 


3 


4 3 0 


2 1 


. 2 


0?25±0.01 


1 3 


1/2500 


PCVD 




0. 


1 


4 1 4 


2 3 


. 3 


<P25±0.01 


1 4 


1/1000 


PCVD 




0. 


8 


4 6 0 


3 6 


. 9 


<t>26±0.016 


1 5 


1/1000 


fcL 




0 . 


8 


4 8 0 


4 1 


. 0 


<P26±0.015 


1 6 


1/1000 


PCVD 


&9 


0 . 


3 


4 3 0 


2 0 


. 2 


<D25±0.015 


1 7 


1/500 


PCVD 


41 


0. 


8 


4 5 0 


3 5 


. 1 


<P25±0.03 


1 8 


1/500 


PCVD 




0 . 


a 


4 2 0 


1 9 


. 3 


<t>26±0.03 


1 9 






fc9 


0. 


3 


4 6 0 


3 6 


. 6 


<D25±0.01 



[0 0 1 6] «2»tfH3. 4<t0s 
Lfc^X(RW»l. 4. 7, 10. 14, 17) 

a, z-TorimK^yjx mm^2. 5, 

8, 11, 15) bHM-t&t, Htf-^ftSt, 

(!#8#^3. 6, 9, 12. 16, 18, 
19) fctt. «tO-ilc:^<o£OS!im* i ^T'$>SCi:t ) ^ 



[0017] i&ftD-f- ^£*L3-T>f 
»S<tv^x<Kfi#95. 8, 11. 15).*% 

fl#94. 7. 10. 14, 1 7 ) , tJitOgtffistsfl 
T . WwHfefrTfc r-^£# 1/10 0 0 0^4 
50 50O0£t)T-'VZ&&jmEf]t5£Vik£iiilfin 
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-mwfi 1/250 o t wi-aa* fco* jwu* 

g«il/5000~l/l OOOWKBT, -^a^Sco 
JWfc*l»jtLo-3««|ft|±*jJ:l«JcSajH!5a (Efl) 
mpmidmktLtZtlMRLlz. K(c, ^2 wis 
1 1 - 1 3 J: 0 . ftftflMffiOMnlfcovvrii 
0. 8Hfi%«Dj:0O. 3®fi%tL<ttO. 1® 

fc. 

[00 18] 
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1 0 

[BliWXUbarWH] 

h. 

mar**. 

10 [03] «tH2Or-><;tfcjS#ffia«0H«*^ 

[04] S«l«f!20f-M«fctlc*aiL«««PW* 

[ff94HI] 
lli^* 



[01] 




2 (tr****? 



[02] 
w 

ft 
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[04] 




0 1/2000 1/1000 1/2000 1/500 



(51) Int. CI . 7 »Sf F I (##) 

C2 2C 38/52 C2 2C 38/52 

C2 3C 14/06 C2 3C 14/06 P 

16/30 16/30 

F?-A(##) 4K018 CA07 CA16 

4K029 AA02 BA34 BA44 BA54 BA55 
BA57 BA58 BA60 BC02 BD05 
EA08 

4K030 BA06 BA10 BA18 BA20 BA28 
BA36 BA38 BA41 BA43 BB12 
CA02 JA10 LA21 
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